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=~ ehiES syrnposmm 1< the'fo.‘rtn ma ‘Series wmcn was pegu '1943‘.'
“Ear-h wag held in an-€ffort t6 acquaint workers in‘thé scanis g’ field and
otheérinterested parties witirthe latest deveiopiments in antenna seanaing
systems. It is felt that these symposia have proven usetil ot only in
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U ' o duseminating existing information but alsc in stamulating nes ;deas. 3 I ¢
'is "hoped that they will continue to-be held when'e'ver shough signifis (i
‘work is availzblé for nresa*uatmn. T T o k=

Onie objectlon toa meetingof’ this type is thaf the sizé of the audlent‘:e
limitsthedinterehangeofideas. Fortunately; this has n6t been altogether
trize., Eachsymposiumhas included intéresting chu_s__ sisn pé riods Initi-
ated by the audience. However, there has been a {img ‘i i_tation on the

- d_iscussion, g0t appeared worthwhilé to intréduce smaller group meet-
... ings for the purbose of discussing specialized sumeat.,. Tiis ides was
gugges*ed ;Dr. R. . Spencer of Air Force \,ambridgeﬁ searcenCesiter,
and t.'w"d' -'su n sesszons were held in »ongunctmn with th1s symﬁesmm.
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Cerzsider le space could be used in Aiscussing the technigues of
these symposiz, but it might be betier to consider here some of the im-
pressions which have grown out of them. One of the most striking of
thess ig the increaced intepest in thig fleld; Evwidencs of this is seei.

h the. large number of parnmpams in the last iwo symposgia. Further

evidence of th;s 1s provioed bv the fact tha.t twemv-four Dapezs were
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rapidity of scan'i$ no mng _1) oblein in «axisfing °ystems.
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One rarmer =mpresszorz. a.:ice emtions nxiqt for m'\et sr'amjxmg

»

existing solx tims or dev.

~ tobe superior io. S ¢ n - _
. .het only by ixryz'ove oie zmw! perfqrmw.c "L t lso b,' am inhnrem'
simplicity of design. Sxmplicity shouldbethe keyn ote in future scanners.

It will not be sufficient to demonstrate nerﬁeet optics with a system of
~inherent ﬁémplexity._._'ﬂw ¢oncept of "omrplexit versus impz‘cved per-
fomnance shotid..fiot.be the concern of the pr -oject. enginéer-alone, ‘The C
secangier desig'ier must be aware of ‘this ¢ encept and must govern h;s
ary-to=-aay thinking acvard‘mgi:‘-" -

bl b Vi e Fopultittor e -

The ugsful infcr:natic ] omamed from theqe meetings was not these
1mp"e=sions‘ but rather edata presented and interpreted in the var*ous

i
=

)
 Markts

summanes of. moqt»oi the talks and the discz.sei:,m_ xzcriods. The discus- T
cqnn material has not beéhr gditgg_ by !:!;::3 indhridua,l pa,rticinants. 50 that

_ any innccuracies or mis :ai:emex.- v2 due to the shortcoming of the
transer iption processes. .. . o . o
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The success of thia program reguiréd the ef:c:té of mziny pec;:—itQ
We are grateful to the speakerc f:)r their interesting papers. We wis
to thank Dr. M. B. Sleddand Dr. W, ¥, Gabriel for supplying ug withhfor-

mlata 2 mee
XMLIQ!} onihe tWe ivund taihle disc cussions, The ¥ork of Miss Résemary =

. Eelly iwhandling the details of the arrangernsents and indoipg thevery
1a.rgea,n01mt of necessary tyning is particu;a 1y 2ppreciated. The coop-
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antennas. / pgrcmmately 18 mon Aths have slapsed since ou
. - third symposium. In that neriod, maiy advances have been
o ) ) - fadein theart of scanning antennds.. It'is. hoped that Wemay
~ be abie tofully acquaintali the peopienere Wiih the uevem‘p—‘
ments and advances whick have been made during this time,
) ) ) We are at least blessed with good weatlier, and thosé mem-
e L o e _bérs from. Californiaare. zomp: 10 have to work hard to brag
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i it is béing duphcqtea here. z‘-“ is
-nleasure to welcomé you io the Laboratory. ‘We dre al WAYS
happy to have you heré and we hepe that you wili benefit by
thie pauers which are to be deliverad guring the three days.
_ We want you to mzke yourself at home here,and if you have
- the opportumzy we licpe tnat you will visit some of our 1ab~
| . oratories. We.are alway anxious to welcome visitors,. ang -
| : s our scientists are ak ays eager to talk ab_ouf those p‘lases
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\ ‘Bohnert, Head -~ .. = B
Ant-,.rm Résedrch Branch, Radio. Division I ' -
“Naval Res “ch Laboratory . T -

ot el S

EEELE ) i
: Inarrnnng atour dedisiontohold this sympos jum, §
we szed Twoerit SR, Fizst -'v're felt thatencugh s'mn*‘ - i

in Novembér - 950; and & e"v..d we felt that there was .
enoughgeneral interestby workers in thefield to have - =
anothersuch get-together. ‘We think that the lastsy’ - ) ,
HOB AU 'SOTHE -Zood i Hiat idsas ‘were ul*—cu.‘:.'sen, g e T T C
hanged and then' pat_ggtp practical anténina désign. |
wrne éxamples would be the Schinidt lens and the
Organ-Pipe feed. The success of this:symposium will
depénd not only upon the quality of the papers to be )
given, but 2156 on the Guality and quantity -of the dis- . E
cussion frc»m the floor. We theréfore kope that you, - . .
tne membrers n‘ the audience w:d.l feal free to.comment k4
his time to give resog- : :
11eher —o‘ the Antenna Research.
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| A spherical mirrcr operating t about £/1 would make a. mgmy Satisiadtory iéflector g
. for all but extremely ---gha-gam antennas:. Fou 2 a_.v:ter focal lengin System, -nwever'. it 2

he Schmidt System, consisting -0f a sphérical veﬂector and an aspheric corrector plm‘e,
i one of the iore suceessful corrected systems. It operates up to speeds of £/0.7. ""he
adaptation of the cnmldt System to 2 mitrowave antenna has been described by Chait.}
Another highly Gorrected spheri‘,al fiirror system is the Bouwers -Maxsutov or Concentric
System.%i3-% A third is the Berii System. 5 These iaiter ¢ Lo systems have pegivinivésti=
gated in .he course oz the work on t'zt:is PEG jér .md wili be uiscussed briefly neze.

 The Concentric Sy‘ nonsists of a sgh 'rica" reﬂﬁ'tor and & thelectric corrector
o anb i€ a portion of & p éE [cal shell concentrie with ine Spherical refiestor. The-cor-
: ctor introduces ﬂphs 2al aberration c-*-ﬂ'mmh‘-= to the spherical- abérration of the

eﬁector but opposite in sign. A small re51dua1 aberration which is independent of the
field angie reraains, since h fceal su face is also spherical and concentric with the

reficctor and corrector. The Coneentric System is represr‘nted inthe rdiagram of Figure 1.

| ~
i ) is necessary to introduce courrediion for the s"horina‘ aberration of the spherical mirror,
|
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It -uay readxly be seen that in thla comnlei.ely céniér ed system the perfcrmnn"e at any‘
field angle is precisély that at zero dngle, provided the stop is Blaced at the conmimon cén<

ter. Thus the only requirement to.obtain excellent over =all performancé is to reduce the

oY AAES

t } ' resxdual abefva*io, 0 tclerab _mmsa -
‘ - S the_am< is glvendy =~ - : j
H - N - S . ) E
}““ T T e — ‘_7_7 e ——— = = B E

where F is the focal lengtn: of 1‘1e ref ector {E/&) and f is the focal length of the corvecté?

‘The latter is given by the relation . . B - . ;
” . T 5
:: - — = & - - 3[
: - - _‘ e e T L Tl . N S - S —I-
: Iii 6rder to obiain good ¢ correc.ior'is it is necessdry that C for any given ray bhOllld ‘coincide E
! ‘ W‘tn or diﬁer OuIy slightly from Q 3.2 ‘Congequently, C _must be compuv.ed as a funcuon of :

R 19 a1d R2 ) aiid the ray hexght h.

i e o L T

Y- : '
1 S " sin[2si (0/B) + €]

Computations have been perfov'med to aetermine the optimum values ef R N ef.m R,
__with-the feflector radius R taken 4s unity, for va ricus values of the refractive mdex.° o
) _.°">mple set of parameters 1s n= 1.v2 By 0.419, and R2 2 0"355 s T

i fox ray tracmfz in.Congénirié. av

[ i N =0
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! experimewi 70, '3 Coscenivic System has been constructed A 60-incn hermi-
: spherical reflector was procured from the C. W. Torngreén Co., Somerull assac usetts, N
X N aﬁd the correcting lens was obtained from Bondwel, Iuc., ‘Gakland, Caufornia. o
l’ ) o c‘mique was used in fabv'zcatme’ ihe polyethylene cc far, Molten pemm:hy .
; i £ m hemis;:heA ical dome, z“u": i ipa 'sheﬁ oi the p i E
o T hé shell- was ih 1en mauzineu o p ckngss g"a L o .
e 3 FET O S e N - < - ¥
i-- - - - - - . » . L= ﬁ
e ) A photograph of the spherical reﬂector, feed horn, and lens support is . shown in Flg- ,
! ure 3; a pnotograph of the assenibled anieniia iS given in Figure 4. , : 2
=
!
o
&
i
\
;
;
»” T F1gure 3= Spher1ca.1 reflector; feed horn, _. o Figure 4 e:A§_semb'i§_i3g§§§€§_ . . ]
T amlﬂens support : S bon NEL Sy o 3
) RS T i
N1
%ure 5, ‘or 0 (on ams), ,
3 S ‘—_ . - B !
11 §yster iS5 an fiiteresting variatlon ofthe © ricentric Sy stem and cons1sts of___ I
eflector and a thick corrector in Contact wzth the reflector. A dlagram of the . :
BertLSystem is: shown in Figure 6, T Teo Tl o o Eh . i
T xarsets n:,’i.:;.a A A ...'....-.&... :#x;'. TR T e e
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! i Ccmpx.taucns to determine ‘the optinum value of R for n = 1,8 have been mads? with
| i taken ag u’cy. The result is R, =0.470. An e,.genmental "£/0.47 Berti System has been
| cons;ructed in a double-iayeér pihbox. A drawing of the. system is shown in Figure 8 ,.a.nd
c'—--gnat ap"-, -of tm, aate..na -ig shown in Figure 9 i R e
| o
AN - I . -
e i :
i. | . _ o {
‘ ; Fod e SROSE SECTION "A-A"
| *hamard ;
F!“_;_—a i
| - ' - & b -
[

Figure 8 - Cross section of expetimental Berti System
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~_ Tests of the antenna have been made af x=32 cm. 'L‘ypicaL patierns are sho“n in - §
| Fig‘;éfé 2. These pattefns aré seen to be symmetrical neither with réspect to their own - -
! maior iobé nor with respect to the antenna axis, This fact is dué princi ally to the lack .
i . = p D ) =
- = ,;;:cf-ccr.\act Letween the dislectric sheets and the conducting platésof the dovbie-iayer pidl=" - - =3
. Bos all gir spaces hetween the dio lectric and the copductmg sheets cause changes it ; - =g

Sxbizsos  cArtledee

°~ﬂ;eiectr§elcsnstant and thus modily thevelodity of waves in fhe meen i, "This

!
{ = —effect brobébly could be largexy eliminated by paintmg the dlelect i¢c sheets with conduct-
| - -—ing silver paint. o S o

t

N TR VI i

It will be of inteérest here to examine the performancé of a spherical reﬂector without

corréction. “The condition mll ‘be that the diamétier of the- aberration circle: at the focus of

|
|
‘ ~ the spherical reflector shall be less than the hali-power width of the diffraction disc. It - B
; may be shown that this condition is equi-vﬁ.;ent to about 1/4 the Raylelo'h Limit, - fi
| B '
1 = i T~ T M nl | = The diameter of the iéast ¢ircle of aber- e
. N 1 fs ration in 4 spherical ¢ reﬁec;o; is gives 10 i
j / ¥ 114 good apcroximation bv , “g
- ] 'J‘. ’ [ k
S e s2 |
{' ;l i\ ‘l.l: == - - _QLC i ..'I}_ /liﬁi. . ;:E
| 1 =
,‘, to—f b ‘where H is the height of the mafgmal ray‘ ) 1
. : \ E i . “_iﬂd‘_fhiséﬂtﬂe i(_)l:u—t}. 1€nSti The diame"‘” of . 2
( I 4 ; i the zperture is 2H; the-focal length is very 1
R /’ : ‘ ; closely given by B
J? s AR f=R/2. ‘
:i § 20 z ‘:: £ !i = -
| e R K The diameter of theé aitfraction disc at .
> L 3211-1 f;,__ ‘1a!i power is ) N _,;%
E g Ik ; Sco | oeen = _’l
i G —J% T B & - _A_ = 1. 02 f)s/ZH - s
! j 4 ' e ST T TR m L E
: . A b 4 L | Tetusadtmdet the diameters of the two cir-
{ > T | cles equai. Itis required to find the maxi-
= | paum: permlssible diameter 2H; “The result
- e 7 -gl
| ) '9H) foca; ength to. diameter ) i
fablé 1 gives the maximum diameter . . ]

SR ENIEE X TV
)
5

. -gf-the-aperture Of a Spherical reflector which
rns._ satisfieS the ¢ondition that the aberrationbe ~ 1
i - _eaual to-k Nhe:Raylelgh Limit, - o

A nomparison of the uncorrected 'spherical refléc

¥ ¢ zwith \,he Ccn:;gx}tyg: and Berti - - . .
;stte ] i 1

e Pt
|
3

) is.afforded. by Tabl‘eq 2-and 3. The Coneeéntric compared ‘Wwith.a sp‘aeri-
- = reflector with and:-without a ston. in “Fabie &.. The Be1 £ ayswm empleying double=

S ERIL
!
'

i‘ Layeu' PiliGOR - is~cvm..ared writh-the uncurrec*ed double layer pillnox in Table 3. It i8 evident !
1 “tk‘a* correctors yield: xittlerr 10 irrprcve;, yent, It may be Séen with, reference to Table 1 -
‘J;_ - ‘ﬁa & thia o ‘dition.-"‘"‘ "revall S0 long as the focal length-to-dia seter ratio cf the reflecior 1
F T : s.that: 100 wavdengtuo. : : . N . . 1
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) TABLE 2 ) o
- Comparison of Spherical Reflector with Concentr_lc System

- I T e et  Half First ]
1.Besm _ Gain i Wl Power Side :
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 Budenbomi. Did yeur spherical reflectdr- hayé = 60‘-in«.h aperture?
{BTL; i pLr b3 |
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Dunoar' . “This was an X-band refiedtor with af8f-inc

inch aperture, but i had an effective

\Us\-a, A N o R e e e e
- - YEAT
Budenbom: We at Bell:Telsphons ’ﬂ’mrm&ea A%, WNOE .,iningaen:ai@i.rcular efiector with
- —-—correction-at-the-edge-oi-the perture similar to-that-used-by-Mr--Chait. I
. ta % R ;éyﬁg {o geta cemparison on beamiwidths orl aperture efficiency. |

.(‘.\’ 3]

; Sty t s i g { qubss
’?.?uld-vuh:tc‘ll arsiwhat cr!‘érion 'ya:m used in ‘dete mining what size apé_rjure
-coik d*be—use&wiéwnat*r/trraﬁu P s s
A B3 5 S Hp g Co ! - "
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E-Tid ﬂ m'rfzmam:u ;
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iged + 2 T U”‘A

. ! dp 5% i Tdb 3 :
Kelleher: Hé,ve you tried to relate ‘that lcondition which migbt bé consider8d a5
received condnian to thé tr ansmittchndition fiting a point source and evaluat

- '*,T:_"ﬁ;g “the phase €rTor pve; vour nuex‘thi'é’o‘“ P ‘
M.‘l’").l.m_ﬁar': YeS, it tur i% auteto be the. same. U 3 8y sofredzetmsit 10
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’_ntlii_e_ fﬁme LOn(.?}}l?Om that ghe circ,:e ,91 cqmu%@n ‘conditicit aud phas:
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‘ A &rectional antenha for microwave appiication 1S; capable of high-<geed scanmng J_md :
using several novel techniques, has been designed and tested. ‘Construction is of the i
waveguidﬁwfed, ouble-lay er pillbox type, but with 4. ¢ircular radiating aperture instead of
= thé customary ‘linear one. A sketch of the antenna with the emerging rays indicated is shown
in Fig‘ ure 2. 2 - s . B N T
- opera LiG"lal bas;s of the p
ane.enna Is derived from, the fact that g
_ B : o S FTEEIL \,v:.uuaaw:u u_y & bu.l.ba.u.l.y - :
located spnerical reflector or, in 4
parallel plate strictures, by a cir-
cular cylindrical reflector. For such
a cylindrical r2flector the limitation
.ﬂpon the degreeé of collimation is
i _ principally imposed by spherical 7
BT = aber'ration, whicti may be parily elimi-
e ’ 'ﬁw.ea wzmout aestroying axial_sy ine-

inarallel plates» Altevnupl'y‘,geodesm .
__principlés of.the iype described by

. - _ Bk ; Myersbmaybe empaoyed to. markedly' o
: - - D - e { reduce the spherlcaI aberra tiap. The: -
T PAgéLE LPLATE‘ _' *uo&CENTRiC o ST 2 'r'
" L T -k o n If the s,truc*ure is miade ,in ‘the iorm !
HT et e T L i« FOTATABLE . T T double-layer pillbox, the lens: may i
. SECTIONA=A '-'39""-‘-74?'-'- AL —ARVEGUIDE INPYT o J =
s Bt 9;'9?‘_*-- RISk R Yib 28 We enclosed—"mthin ‘thé sameé lay T as 5
1 Figure 1 « Doihle-iaver cohcentric pillbox - b. .. p box. :
e S o ~ i W 7
¢ - . Ci cular symmetrv of all reﬂecting and
i = racting elemcnts 1s thus pr éSe rved, Furth: ermore; v circular aperture, iying inthe
== horizonta plane ard rad.atizzg over a metal pianeé; prodices a much narrower bean in
e = “Parallel Pla ts-Optics for Rapla zScanmnq fcurgalof Apg;i‘i‘éd? Physﬂlgs,
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-elevation: tha.n we»uld he obtameu frcm an. equivalent linear aperture. Contral of the surface
: ha"acteristies of the metal plané by dieléctric loading or corrugatioiis or koth perml its
'changes in elev:mon pattern "'%ﬂm“* ;ffcc‘imf appreciably ‘the peneil-beam characteristic

of: me azimut..al patt_

- S e cmoon

lnis anterma posse‘;ses cnaractensnccx wmcn ma,nge i- uuawab 3

;.

nrae
ENISAN ¢

1, uo:np;lefe asial symmetry of ail stat im.a.ry portims. Hence, the antenniz is capabis
of high-sheéed séan through éither 3% of any Sector thereof by simplé rotation of
the = “laiively small central Tiub. . -

B e ]

Nairew azimutnal paitern and “S iy aéi‘é. el

i
|
1
|
I
{

B dbazopl
AV Ta ke : S -

3. Adaytabil1ty flLsh_ mounting. The pillbox, except for transmigsion line input,

- A

: - _isintheformofa circutar plaﬁe ‘only -one or t‘“o mches thick at z-nant:i and may
‘ " ‘)e inade.an mtegral part of any flat surface. o ‘ BT

4, Sim uitaneéous scail ixx several direciicns, Since [if all bends and transitions are

-sé;:,,tly matched) né 2afléctéd energyis mc'aent upon a tra"nsmitting waveguide
point source, a multip‘icity of sources may be used simultaneously without

Experimental and \‘heoretical utu,dies to determine the properties of the antenna have
been conducted and are now being analyzed. A ‘model has been built and successfully tested.
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L y wmuu travél in
2 d.ameter across the top.
Considerabie WOk has been cione in proving. or dié'brovmg this idea. I think that
‘T'succeeded in showing that such a system had inher&nt Spuérical abe"ratzen.
This is éviderit i we considec that this surface.an be pushed dowi to forni a

22

_kwo-layer parallel-pxa-.e system with 2 gireuiar reflector. There appears to
bé some cofrection whan we usé a cylind:‘ical surface sin¢e_the wave fronts
‘would turn up 4nd you can defééus, Charley Robinson found! that he could insert
2 layer of dielectric and ¢orrect some of the spherlcal aberration. This is in
| agreement with a statement of Dr. Kingslake of Bastman Kodak Company whe

| . says thdt no matter where you put adielectric you obtain the oppos;te sense 0f

) *_‘.nerxcaranerr iion fromi that o; the ;e-lec»o;.

geo esics around the si ae W&hs -and ’ﬂe radiated fr om

Kellgher: Salgiotie of NRT has worked on what We might call the Myers’ eodesm
(NRL) pron'em. Te used a type -of analysis essentially different from that employed

ov % yers. "He tried to mimmize phase eiror across the entire aperture,
 wugreasS I b ucu’z‘:‘!‘é'umu myera anziysis, was mpre valid in the cenier i the
=perfs_v'n Thave a quesuo ior M. Ro;man- Was this striicture a cyli zder

| : S OT a cone?

Rotman: It was a portion of a right circular cylinder.
(AFGRG:) L

llehar' It wa my ides that My rs’ results, described in the Jo
érﬁ ihrﬁinn#nﬂ "!‘ i: unt}\ ae
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- , Rotmaii: »-Siowed that the vest soiutics One m wmyp; the height is 2pproxing

5 ’ ' 1/3 of the r adius. For a cvmd.er o; zers height he compares a'30-uch _
'_5_ T } aperture: -*th A 60=inch a,nerture, The 60=inch aper‘ure( is sunerig:;, of cours se;
oo~ . when we ‘““'e cnly the center 3u “inches.

[ _ £ i S ‘§
i — For ou -.360-aeg?ee model, Wwe e_.,mct to 1Se- nonreflecting meta7' posts which
k! L s have been devel o;ped both tour laboratories and. at Bel' Teleptxone Lubox‘ator,.es.

; the: effective aperture of your system?
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‘ ‘BASIC PRINC“’LE OT"‘ THE FCSTER SCAN’NER B T uusal N ER :;?-;5
| - Inits most elementary form ¢ tha Fos»er Sca.r-_nar ‘may be considered as a line source ' .

piveted and- moving at uniform speed in such a manaer that when it has moved through 2 '
| given. a':g1° it snaps back to the orxginai position. The. source mist & placed on the sur- -
| face-of a cone and this cone revolved inside ancther cons, Suitable barriess and.an exit
| slit in the outer cone are necessary addntlons.
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|
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|
{ QUIREMENTS OF TH:. PRESENT SCANNER - -
This scannér . which 18 beifig developed nider Subcornts: 2-%-3318 fzom the " 7
£ National Résearch Council is intended for a Canadian Armay applicaﬂon. he System
requires a double beam = one above the other — cach scanning 20 degrees and both
obtainad from a single reflector. The speed of scan is approximately i5 scans per - ]
second for both beams, and the beamwidth must be equal to or lesc than 1 degree in 3
both planes. No dimension of the equipment shall be .wnge" than 72 in, It should be S
aslight as :peséible and should operate at a wave ength of 1,87 cm, Several possibili-
tics were ='.:gg=~°‘we,d, but it was df-\ci.' d tu f’-,-nsi:r'uCE the scanner with the fohowmg
I “features: T - S B o
';.'_-___,: IThe S - :l
: Ozdegregﬂdapart to i nt oduce tbe raﬂia' io m (i . o= — :
e - -Sing each feed to sl, ghtl ‘. O :
N ;e from ghest matale -
- e B N CHEg R AESS :""."‘ — _ i . g
R ool _ T3
: mey TS T o
- bench éésurements of ghort -~ o
: -s__eg fgne. It was dncidnd'to :seshuni’ slots in che array ‘The conductance of a singls T
slot is given. by G/Go = sin?4 er the tapercd-mouth arrangemant. usad; The iHuming - ’ i
??ﬁ matches.a somewhat arbitrary symmetri cal gabling: fuhetion, and ) s
- ,g mat(,héﬁ bg using ten g Sups c’ ten slots each.. The amp -ituaes are give*i by o - - ;
- = - - ..' - E B ::?j B _—_‘ ; ;I
; ) B ? L e SR AT |
S b P R T RO |
: S e & - YoNFDENTIAL
. T T - ) E UIx’TYI*FORM#TIGN . G
\.
R Ll H‘m-om
M_‘ ;ﬁ-‘-\:“":' s «m:fr%gwx_ vﬂg_;syme—_—A ,,%,‘ng,
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% e GOMTIDENTIRT, -~ BOSTER AWD SLEORD .. . . s i
:ﬁ e ' o- = - -7/-7__7 '..”.- o ot N -—— ' . _ - - ) . 1 “
k: - : . . £
- - e - - TAB;..F—I ST e ) - ;
E e o mumination Values-for the Ar rny - . _ i
‘m B e e g e s e e s SRS i Bt : %
é - |.Siet Number j1-19 | 11.20 21-30 41 60: 61-70 71, E
R 4 Amplitude. .36 1.0 |55 FLO st - s
B 3 : The im.cmg of smts was 250 sgrees wulCﬂ gave a 1= 1 i :
! magimum tise of taner 0“‘ Sfmbé. The theor wuu-m ya.u.é:.i"i was cumwted féra 1‘\)__
- slot arxay 58~1/4 in, long-{without end 10ad). The beamwidth was J2 uegmees at haif B »
. ___ __jpowes, and-the side mbes were less than 5 percent in figld Sti‘éﬂgul. _Brpgrimantal A,a\t« .
- .. térns were takeu at 15 050 magacyﬂ 5 at which the beéafiwidth was .74 degrées 4t half E
powear, and the side lobns werz if percent in field streagth or 20 db down. The angle of i
squint changea by 1 degrese fo- a 1.7-percent freguency change. _ 1'
: ’ . | 3 o
ASS MBLY OE SOURCE IN '!‘!-IE '23'.!.‘33 o iﬁ
- - - - — - : T - Corf
’? o . The channels for ieadir.; the radiaf"m ~ihe-array to the {aasr cone spaca were "
i “extTided by the Aluminum Co. oi Canada by a p“é €ts which was reiatively inexpensive, ) |
' Theé shaft which supported the inner cone was purposély made hollow to taks a waveguide ’
L feed line. The array was fed from wavezuides passing through a holé in the wall of the A
} shaft. The reior joint Connected to this wavegn!de vas mom.:eu ‘On the end of the Shafl, - .
! ' ' i
METHOD CF CONST RUCTION OF ROTOR AND STATOR
- . . : ]
I The rotor and stator sk eleto'ns weére made of 85ST machined ribs, A channel was :
i buh. nsc the rotor opposite the array in ordar to obtain a counter=balince effect. All
i tooth barriérs (L.cee sets) were machinsd tugether ate pre time on 2 mllling machine to -
i o giminate any difﬁcultv in meshing the teeth. | ma _sheet métal skins for the votor and :
‘ ) Siaise weil Foiled anto }‘ii'if eahes, aaScu.:.ucu fv uxd ‘rames, ;é;‘;:‘e rf‘:c‘“" bl ‘,h\.-':'y :"
i I rivets. The tolerances cn the tegth.were ;031 i, betweed the teeth dnd the skin anu 03'7 5
B ln. bot—ee:a adjacent teeth as. two uooth barrisﬂrs;aere meshed o 4
. - ) B }t
I The. reﬂector was an‘ asymmetrical para.bolic cylinger whicn was cut along a une — ‘L
' 'gnsﬁruction a3 ,wefg ed a‘:::mt 135 'bs. !‘!‘z?e :
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. ¥ have: always ﬁelt tha‘ the main problem was o n:.me the thing. Anyone can
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. we would.get poor: ‘beam Eharacteristic:
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see that lt wm wcrk We would 1iké to be cadé‘ﬁaic Tut e caidot in. this case. ‘
'l‘hn xnw‘h‘ndnﬂ mﬂi-nrinY nm ﬂn~ wiﬂ\-—

. SART seme den &, s
A main provlem is o g‘_‘" a snann‘“' ‘“‘G‘q"

i tne past i.,,: years: uy ihe z-mmim._.. *eur:z*any sf Cana\ea
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Dr. roster has Been handlmg this scanner* under contract from us and he is
2head of our schedule, There is che probiéw #siated to this scanner which
I would like fo mention. We have two feed horns energizing a single reflector.
Naturany ‘both could not be én the focal line. I we vaed a hormal reflecior
and put the two feed horns in the focal plane and displacad fiom the focal line,
y Since we. were using a
half parabola this restriction 1o the Tocal p onger &
Dr. Gruenberg of our laboratories. develase" a theery which mdieet\;.' ce?-
rect-posiifoning for the two fegds, The - results, when applied to the expe
_ raéhts] refléstor obLineq from McGiil University; were "iigmy bauesz‘
A space between the two feed horns was a iiitle over two ‘beamwidths.
side lobes were about 28 db down in both cases.

R :e:xasz,x.&n.x.!g.m-amaz i e B T, I A

e .

e
A

wold

&-I

Calebag

Has Dr. Grusnberg publisied this ime-matmn in any form? The useofa -
haif garabela presentg 2 different picture whe*i {hé féed is moved in approxi-
-~ matdly aiong i azie. . With the fe\.d at the fccal point we get 2 wavefront
_nammal to.the axis. I we mave in 3ué out along the axis of 1 @?_i_ aif perabola,
_our average phase front is fio: longer normal to ttze axis. Dicl ihiis fa t‘have
fconsiciereax *u‘rb.r Stey 2,

s s:)r Grnens‘ezt

iy < 1y,

.
A o

CSH uqilbca

I dcm"‘ know abeut that detallr Derbo,p

IQ

\
Y TR

/

o e,

Guadratic p

X< e .
a3 and you can compen afe for ‘that by‘~c°foc1.°s€°ng; O
the fead can be- movea. ’I‘hat o

-y, e
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We, i..e» Dx. Fc-ster, have bee*n inte -ested in thaining a sc annex*' for soneé R
tin\e. £ work at the previous. symposu_s.fma_ I woula

llke to- annm.nce .na‘" We. ha_ve, 4 scanner now: i3 S &

Buildlng 50, We also hwe representative s irom. merican Machhe and _ .

] 1“oundry (‘ompairy' who will! be glad ‘“_ex*‘ ain tb 1r mawuuxillg ..ecu..ﬁa_es. -
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‘f‘h‘s an !‘é"t}a i“upavf; &hths : : 2 high-i‘e?()ltition y‘%g?_l‘ L
‘sei ne.ﬁg déVempeu ioF and searcl: Thé sysiem
operates at 35,000 Mc. It will have a range resolution of ¢ 8 feet by the use of 2 10-
mglaimicrosecond pulse and an a.zimuth resglution of about 0. 4 degree by the use of a

5-1 /&-foot apetture- ~ ‘ o

ystem needs which determine the uu‘get speci.‘ .:ai:ic ns of the ar ‘; nna. are. . ‘ - }

R s e F‘m-:}“ﬂﬁcyr.;;........;;;........ 3’.-.-,5.@9 :_f'é_ . I R
S _ Horizontal beamwidth,...... 0.3 - 0.4 deg. I
- .. 25 - 45.deg.
0.5 - 2 de. }
Verfica; tram anl,le.......“.. 0 to -45 deg. -

Three-zxzis stabilization:

T2l iveicesecencncncssrensresen T10 dOE.

. . niich... r5des. . - . :
s el TAW toutisessocresessiiisnsness £20 dEE. ) ) :
. : . _  Pulse length 19 m‘lnmicrose‘_,gna., 2

. _ Beécause of the.wride scan ansis. gxzd relahve.v uish s¢an Fate, -1t is Hnght th i the e
Foster type of acanne:g: is best. ouited for u“s job To: pmduce 30 Gégrees or 75 beam— ) o
e widths of 5¢an, the scanner will bx L bé-abont 6 fest iong and 15 inches. in diameter: The feed ]
will e gither 2 =lotted .waveguide linear array or a pilibox, the choic being mada onthe

char ‘rances and spiice avanabl_e. The Foster séannér wili feed & | half-

foca ; ngth for vertmal focz.smg toa
- e A _

fic ulty:s ‘

'N» ic ni-hm::ui ‘

. -proposed, .
& 1

- o~ J -t

| and rotor »and wilelace L‘zeac_ose‘ T N

) uxemer- vdicate app"ommatslj '40 ab far' i.he combim*iop of two simple quarter-wa*ge

g . tarted, p nd. it is £3 pec:ea mat i
K IR = 9
' .. v I — . i e : |
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, : ¢ been any. at‘emgt made. 1o prove inal pre :

‘o__keagrgov P TS LS e R . L ~

_'We have not done anytnmg .ue g those nnes as yet. Lnere is some zmication .
that we have the efizct you mefntion. O experimental work has involved .
.. ) feeding from one 1ong-tapered horn into another c long-tanered hiorn throu,gh a

. . short section in which we put th° chokes. There is some mdication of unusual
‘ ' effects. This type of choke grobve was described in-a Radiation Laboratory
! : - _report. They: -did‘not mention thig effect which you-have, bZought up. We

I T S NG N B4 W S B N T B B B T R PR

. CApCbL % do further- wor k Sa dur caycumcutal' mcd‘el inan at‘.em'.:t to resslve
= thisproblem._ Lo e amheee et e )
Feiger: Brown at Syracuse haa this idea at one t1me but he never did tx'y it out
@B} | =
[_ _E{Qstjer: '!‘he est way to nandle i;he problem is to puqh the energy down the dram as %
Lo o {(MeGiY | faat _n‘_sg yoi-gan, wREIL L L N - i
“Abbey: Dr. Tomxyasu of Sperty has done comsmlegé_ ; work with -ongitudmal chokes
{NEL) and hag developed 2 'c.,ek‘., which elir ingtes, t..is éi"iculty

.,

, VWilkihson: I have a duestion I would iike {0 direct to Dr Foster Soine of your previous
work urder a USAF contract indicdted vibrational probiems in your fahricated :
structure when high speeds were attempted. The structure, as I recall, was
welded and then some machine work was done. It gppears that nerhapg this
nresen* model reqs.u’.res no machming Is this true ¥

S PCRECEIs i1 1T o [ A

ing 1046 an:,; —m'échinmg 'you might as well have 2 a. castinc
the meael ma‘ethgr bo *ha.t 1o machining igh necessary,. .
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T S eeeeicc Cee .. . General Engineg_x;i_g_g!..aboratory o 3
‘ Genera1 Electric Company o I o L
Two hoster canners are presenuy under dﬂvempme'h fordsé ifis ar ¢h anténna- . /
f;ya‘ams. Thése are of two different types, the first a double-beam ‘«; £ and the f
second a single-beam scanner. The first type iliustrated in Figure 1 A traveling- i ;
T wave line source attached is the rotor collimates the azimuth beam at an angle to the Pl
- lifie source equal to half the scan angle. During half the scanfing cycle the beam i§
- scanned.in azimuth through thé exit hora A and during ihe remiainder of the cycle through

typé reflecior in such a way that the beams sean sequentially in azimuth at diiferent -

~horik B.. These herng are dispizced on either side of the focus of an asymmetrical siat- '- E
- elevation angles, - - !

- - Dcs;gn Work has been completed and a prototype is under uo';strue..im. Barriers
‘have been matched in parailel piatés to less ihan 1 .06 VSWR over a Z-degree uanuwi
_ in the Z-band, The line source, consigiing of 20 groups of 4 slots each, was Gesigne

‘ tc approximate a Dolph distribution. The éxperimental pattern is shown in Figure 2.
I: The design figure for side-iobe level was 30 db; first side lobes varied between 23 db

- and 28 db. The lnput VSWR was less than 1.05 over the band. :

1z ) - )

e T 1

‘I- EI; m\

under dev elopment is of the ieed-tbrowﬂ tyve fed from o
Figu re 3. Since the . stem w!n emaloy cohevent Mi‘ I, N . i

traan g 2B

; The-second Foster scanner
- - ._an nvfa-img'l niithox, as qnown in

e

FEIY T
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- E&" AGAE syt 0 ANy i-“e lect.ons durinf' :,La_n must be 3
i . Smalr ingly, the - %
A 7 -DOUBLY.- . scaxmer: nas Deen Geblgneu S0 that the - %
HDR"'ON e 4 ’POLA‘?'ZED rTifi's are ‘eV_er barahe; EG‘ :ae &
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i
e

view. of the scanner., A output fIare ‘
has heen added in order to center the - -
-scan about the siormal to the exit horn.
"‘his flared section has beex rolied up,
-as shown in F gure 3;.t0 keep the &xit
R horn‘parauel {0 the séanner axis, As
iliustrated *n. this ‘fiam'e, the scanner
output horns and-separate tracking

it

o TS i o orer e b o 1

OUTPUT me‘:a - #55ds tHnisingto - commof | xeﬂector -
2oy o . ) having two: refl ec ing surfaces: ‘The
Figure 3 - Si“_gl‘?‘lbéaf?‘ Foster scanner front surface collimates the vertical
‘antenna assembly . jpolarization from the Eeaxrch feed; and
‘ C the rear surface co;lrnaté*s the Eani=
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- . In view of existing efiort In the zield Jnf *aaas' ‘scanning anteanas, it seemed that the
next logical step was the design of 2 multipic ¢lement system,. probablv a s sparated dou-
‘viet; the writér, however;, sugges sted that it might be well to examine certain 6ther phases
of the genéral problem bhefore -embarkmg on a specific design problcm. The point was
#aised that the possibilities of high and low index spheric and asphéric singlet dioptric
syStems had been ¢onsidered; catoptric systeis such as the parabola, sphere, etc.; had

opteic systems; A phiios mecax exauunadon of the -‘aiadxoptnc systéem shows thai the
corrector piate may be placed in 6ne 6f thrée possible positions: (2} infront -of the mirrer,

(b) COincid st with the mirror surface, or {(c) ‘Bahind the. Mirror, Combinations of these

are also possible. System (a) had bt:eﬂ studied by Stanfota Résearch Institute and others
and reported under the generic terms of Schmidt, Bouwers, etc, System (c), while atfirst
glance appears ridiculous, is actualiy 2 distinct possibility if one admits the various folded
systems of the Schmidt type, System (b), however, appareiily has been little considered;
and accordingly it seemed advisable to investigate it, Since this system is classically
known asa “Mangin Mirror,’ this term will ke retained,

B S N

beeﬁ cxtens;vely iavestieatec but an egually &iiensive siudy had not been made of catadi-

-t

baealect . oo pasureighod s o
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